The growth of 182 patients who were long term survivors of childhood acute lymphoblastic leukaemia was retrospectively analysed. AU remained in first remission and were treated with either 1800 or 2400 cGy of cranial irradiation. None had been treated with either testicular or spinal irradiation. Ninety three (51 boys, 42 girls) were treated with 2400 cGy and 89 (42 boys, 47 girls) were treated with 1800 cGy cranial irradiation. AU patients were treated with standard chemotherapy including intrathecal methotrexate in similar dose regimens in either group. Mean age (SD) at diagnosis in the group treated with 2400 cGy was 4-8 (2.6) years and mean age in the group treated with 1800 cGy was 6-5 (3.3) years.
Mean height SD score at diagnosis in the 2400 cGy group was +0-29 and final height achieved was -0-63. Mean height SD score at the start of treatment in the group treated with 1800 cGy was +0*40 and mean final height was -0-53. There was a similar reduction in height SD score in both groups during the pubertal growth spurt.
The decrement in height SD score was greater when treatment was administered at less than 7 years of age in either dose regimen, both in prepubertal and pubertal growth. However, the decrease in height SD score was found to be greater in girls than boys. There was a trend in both sexes for the onset of puberty to be at a younger age with a lower treatment dose of radiotherapy. However, in girls treated with the lower dose regimen there was a significant reduction in the mean age of onset of puberty which was 9.9 years. Our data suggest that girls treated at less than 7 years of age have a severe impairment of pubertal growth, which is probably a combination of the dual endocrinopathy of premature puberty and growth hormone insufficiency.
Long term survival for children with acute lymphoblastic leukaemia has improved enormously in recent years, partly due to the introduction of treatment to the central nervous system,' 2 which is given as a combination of intrathecal methotrexate and cranial irradiation. 3 Because of the morbidity of cranial irradiation, the dose administered has been reduced in recent years from 2400 cGy in 15 fractions over three weeks to 1800 cGy in 10 fractions over two weeks. 4 Cranial irradiation may cause pituitary dysfunction, ofwhich growth hormone insufficiency is the most common endocrinopathy. This is related to both the administered dose of irradiation and the method of fractionation.5 6 The effect of the irradiation is delayed and progressive. It has been reported that regimens of low dose cranial irradiation may cause growth hormone insufficiency and growth failure7 8 in children with acute lymphoblastic leukaemia. The degree of growth suppression and whether this requires growth hormone replacement treatment has been controversial. 9 fig 1. The pattern of reduction of height SD score during both prepuberty and puberty was similar in both groups. However, this was not significant in the 1800 cGy irradiation group, which probably reflects the smaller proportion of patients who had attained final height. Age at onset of puberty was greater by 0-4 years in the children treated with the higher dose regimen but this may be a reflection of a secular trend.
The decrement in height SD score, especially during puberty, was greater when cranial irradiation was administered at less than 7 years of age in both dose regimens (fig 2) . In contrast, children treated for acute lymphoblastic leukaemia at the age of 7 years or above were more Final height . Girls were more affected than boys in both dose regimens, but the number of patients in each group attaining final height was small (fig 3) . In order to study the effects of cranial irradiation on pubertal development, we have excluded children treated for acute lymphoblastic leukaemia at greater than 7 years of age. Mean age (SD) at onset of puberty in the 2400 cGy group was 12-2 (10) years in boys and 10-6 (1-0) years in girls. By contrast, mean age at onset of puberty in the 1800 cGy group was 11-4 (1-5) years in boys and 9-9 (0-9) years in girls (fig 4) . Surprisingly the onset of puberty with the lower dose was earlier in both sexes (p<001), and a significant difference was found in comparison with the mean of the British population for girls (p<00001), but not for boys.
The main difficulty in the interpretation of this 97 90 75 50 25 10 3 study arises from the fact that we have compared growth failure increases the significance of our findings. Broomhall and colleagues demonstrated in a large number of patients that children with acute lymphoblastic leukaemia were significantly taller than the normal population with a mean SD score of +0-49. 24 We found that at diagnosis our patients were taller than average. A possible explanation is that leukaemia is a disease of the higher social classes and the latter have greater than average stature.25
It is appreciated that the treatment of brain tumours with high dose cranial irradiation is associated with a high incidence of growth hormone insufficiency/deficiency.5 In our data the decrement in final height was similar with both 2400 cGy and 1800 cGy cranial irradiation. Our observations are in agreement with Shalet in that the initial endocrinopathy associated with cranial irradiation is growth hormone insufficiency.5 It has been reported by previous authors that growth hormone secretion in young children is more sensitive to damage by a given dose of irradiation than in older children.26 The effects of irradiation on pituitary function tend to be delayed and progressive over several years.5 Certainly children treated with cranial irradiation under the age of 7 years have a higher incidence of growth failure than older children26 27 and our data are in agreement with this.
Cranial irradiation of either 2400 or 1800 cGy affects growth in prepuberty as well as in puberty. In normal children growth in prepuberty is a continuous deceleration, and there is evidence of a progressive decrease in growth hormone secretion until the onset of the growth spurt.28 During the pubertal growth spurt growth is dependent on both sex steroids and growth hormone and one without the other produces an inadequate growth acceleration.29
It has been suggested that growth hormone secretion in children treated with low dose cranial irradiation is predominantly decreased during puberty rather than prepuberty. 30 Our data suggest that overall, prepubertal growth is affected almost as much as pubertal growth, but when the groups were subdivided by age, a different picture emerged. There was a significant decrease in height SD score between the onset of puberty and final height attainment in both radiation groups diagnosed under the age of 7 years, but not during prepubertal growth in the 1800 cGy group. This suggests that the larger dose of 2400 cGy affected both prepubertal and pubertal growth but 1800 cGy given at a young age predominantly caused loss of the growth spurt. Of course, the majority of the population with leukaemia are diagnosed under the age of 7 years and indeed in this study the onset of leukaemia was below this age in 72% of the children. The latter situation of impairment of the pubertal growth spurt in those children receiving 1800 cGy at less than 7 years of age will thus be the commonest prevailing picture at the present time.
Recent data have suggested that low dose cranial irradiation is associated with precocious or early puberty in girls rather thaan boys and our present analysis support this. Of interest from our study is the suggestion that earlier puberty is the result of the lower dose regimen of 1800 cGy rather than 2400 cGy cranial irradiation. Certainly early puberty could be a contributory reason as to why growth impairment in the girls was greater than in the boys. Alternatively it may also be that growth hormone secretion is more adversely affected in girls than boys in the same way that gonadotrophin secretion is affected differently between the sexes. We know no other supportive data for such a hypothesis. The most important single group to identify therefore is girls treated at a young age as they show the greatest degree of growth retardation. As well as the possibility of growth hormone treatment for this group, it may be advantageous to therapeutically manipulate the timing of pubertal maturation using a GnRH analogue. There is now some evidence to suggest that a combined regimen of both growth hormone and GnRH analogue may be advantageous. 15 In An editorial in the same issue of the journal points out that there are still unresolved questions.2 The main end point in these trials has been coronary dilatation of any severity seen on echocardiography. Dilatation of less than 6 mm is apparently relatively benign and it is the giant aneurysms which lead to myocardial infarction and death. The effect of gammaglobulin on mortality is not known. Nevertheless in the most recent trial none of the 254 children who had normal coronary arteries when first seen and who received the single large infusion of gammaglobuin developed giant aneurysms. All of the patients in this study were treated within 10 days of the onset of the disease. The effect of treatment later in the course of the disease in unknown but it seems reasonable to treat if the disease process is still active. 2 The role of aspirin is uncertain. Continuous low dose aspirin seems indicated if there is persisting coronary abnormality but whether initial high dose treatment is necessary is not known. 
